In the present paper, the effect of Nano silica on mechanical properties and durability of concrete containing polypropylene fibers has been investigated. Here, the length and length to diameter ratio of used polypropylene fibers were considered to be fixed and equal to 18 mm and 600 respectively and the cement content was 479 kg/m 3 . The effect of fibers and Nano silica in four different percentages for each one at 0.1, 0.2, 0.3 and 0.4 percent by volume for fibers and 3 percent for Nano silica in concrete with water to cement ratio of 0.33, 0.36, 0.4, 0.44 and 0.5 have been compared and evaluated. In total, more than 425 cubic and cylindrical specimens were made according to ASTM standards. Finally, samples of polypropylene fiber containing Nano-silica were tested under compressive loads, flexural strength, indirect tensile strength (Brazilian test), abrasion resistance, permeability and porosity and their mechanical properties were evaluated. The test results showed a significant increase in mechanical properties improvement and durability of concrete. Compressive strength, tensile strength, flexural strength and abrasion resistance (of concrete) increased up to 55%, 25%, 49%, and 45% respectively. Also, considerable reduction of hydraulic conductivity coefficient to 50% indicates high durability of these types of concrete.
Introduction
The use of various additives in concrete and cement products has attracted special attention in recent years. So far, many research has been carried out on fiber concrete, but research on the Nano-silica concrete containing polypropylene fibers are limited. Particularly, the effect of Nano-silica on fiber concrete, especially polypropylene fibers, has been investigated very scarcely. For this reason, the use of fiber concrete, especially polypropylene fibers with Nano-silica, was considered in this study. High-strength fiber reinforced concrete (HSFRC) has a wide range of applications in which different types of fibers are used to increase the toughness, flexibility and tensile and flexural strength of the concrete in order to increase the strength of the structural member under static and dynamic loads and to reduce cracking and crushing (Farnam et al. [1] ). Polypropylene fiber is introduced in the mixure to minimize brittleness of the matrix thereby reducing the susceptibility to cracking of a concrete [2] . It is also reported that polypropylene fiber was effective in resisting the development of cracks caused by drying shrinkage [3] . It is known that inclusion of polypropylene fiber in concrete shows excellent durability on exposure to freeze-thaw cycling [4] . Studies have indicated that the explosive spalling of regular high-strength concrete (HSC) could be noticeably alleviated by embedding an appropriate volume of strong, flexile polypropylene fibers [5, 6] . This improvement is supposedly attributed to the difference in the thermal expansion capability between polypropylene fibers and cement pastes, which can introduce micro-fractures to release the vapor pressure [7, 8] . An experimental research and analytical study by Olivito and Zuccarello [9] provided reinforced concrete with steel fiber with mixing pattern and different lengths of different fibers. They evaluated compressive and tensile strengths, fracture and ductility. The addition of fibers increases the ductility which is associated with energy absorption during fracture. Samples of longer fibers show a higher strain than the samples with shorter fibers. Zhang and Li [10] performed an experimental study to investigate the combined effect of silica fume and polypropylene fiber on the workability and drying shrinkage of concrete composite containing fly ash. They concluded that the workability of the concrete composite becomes better and the drying shrinkage strain is decreasing gradually with the increase of fly ash content. However, polypropylene fiber has a little adverse effect on the workability of concrete composite. Authors [11] [12] [13] have shown that the behavior of concrete at high temperature can be improved by adding polypropylene fibres (with a ratio varying from 0.5 kg/m 3 -3 kg/m 3 ). The melting (160 o C-170 o C) and vaporization (350 o C) of polypropylene fibres generates not only new pores, but also creates microcracks at the tip of fibres connecting the already existing pores [14] . Ozawa and Morimoto [15] carried out permeability tests on high strength concretes (72 MPa) including 0.15% by volume of PPF. Results showed that the residual permeability increased 12 times after heating the PPF concrete to 500 o C compared to the reference concrete. Thus, the improvement of permeability which is increased and it reduces the likelihood of explosive spalling [16] . Consoli et al. [17] showed that the reinforcing effect of polypropylene fibres becomes less effective for high cement contents for a stabilized sandy soil, i.e., the peak strength only increases until 4% of cement content and after that the effect of the fibre reinforcement has the opposite effect. In fact, when the cement content is high, the stiffness of the stabilized soil is fundamentally governed by the high stiffness of the cement and the polypropylene fibres are, therefore, unable to mobilize the tensile strength before peak failure, since the deformations reached are very low. Thus, increasing the amount of fibres for high cement contents does not have repercussions on the increase of the strength [17] . Thus, polypropylene fiber, carbon fiber, plastic-glass based fiber and steel fibers had started to be used in concrete. It is known that steel, nylon and mixed fibers affect less the mechanical properties such as compressive strength and elasticity module, and highly increases the mechanical properties such as bending -tensile strength, ductility and toughness (Unterweger et al. [18, 19] ). It is well understood that silica fume, due to high pozzolanic activity, is a necessary material when producing high strength concrete. Silica fume effectively improves the structure of the transition zone, eliminates the weakness of the interfacial zone, reduces the number and size of cracks, and enhances the ability of steel fibre to resist cracking and restrain damage. Both normal strength concrete and highstrength concrete are brittle, with the degree of brittleness increasing with increasing strength [20] . Nili and Afroughsabet [21] showed that the silica fume improves the compressive strength of the higher ages by improving the conjunction of aggregates with cement paste. Also, the simultaneous use of silica soot and fiber in concrete mixtures will lead to an effective increase in the flexural strength of concrete. Pore structure parameters such as porosity, pore size distribution and so on are progressively employed to evaluate permeability, frost resistance, carbonation resistance and physical strength of concrete [22] [23] [24] . Tijani et al. [25] added artificial carbon fiber and microsilica to some concrete mixtures to improve their mechanical properties. Maslennikov et al. [26] analyzed the effect of different modifiers on the properties of concrete mixtures using microsilicon additive. Subramanian and Arul [27] have shown that Nano-silica and micro-silica can be successfully used in the preparation of Self-Compacting Concrete (SCC). Khanzadi et al. [28] measured compressive strength, tensile strength, and water absorption percentage and chloride penetration depth in concrete containing Nano-silica. They showed that the mechanical properties measured, and the durability of the concrete mixed with the nano particles were better than that of a plain concrete. In recent years, using different additives in concrete and cement products have attracted special attention to researchers. Fiber and nano silica concrete can be considered as the most commonly used additives. In this study, by reviewing the advantages of using Nano silica and polypropylene fibers in concrete, 450 sample concretes were prepared using 20 mixture designs with water-cement ratios of 0.33, 0.36, 0.4, 0.44, 0.5 and fiber volume ratios of 0.1, 0.2, 0.3, 0.4 and 3% volume of Nano-silica based on ACI and ASTM standards. The purpose of the present study is to determine the effect of polypropylene and Nanosilica fibers on behavioral properties of concrete under stress conditions due to flexural loads, studying the permeability and porosity of the concrete, and obtaining their optimal percentage. In this research, the length of polypropylene fiber has been considered 18 mm. Eventually, compressive strength, flexural strength, tensile strength, abrasion resistance, permeability and porosity tests were conducted on the samples containing Nano-silica and their mechanical properties were investigated.
2-Experiments performed on samples
In the present study, the concrete samples with 3% Nano-silica and water to cement ratio of 0.33, 0.36, 0.4, 0.44, 0.5 and fiber content of 0, 0.1, 0.2, 0.3 of concrete volume are investigated experimentally.
-The cement used in these experiments is Ordinary Portland cement (ASTM Type I) in accordance with Table 1. -For all samples, the amount of fixed Nano-silica and 3% consumption cement have been replaced which have been shown in Table 2 .
-The amount of polypropylene fiber varies and is equal to 0, 0.1, 0.2, 0.3 volumetric percent alternatives of cement used. The properties of consumed polypropylene fiber have been shown in Table 3 and its mixture design with the Nano-silica is shown in Table 4 .
-Compressive strength of the 28-day specimen is 40 MPa.
-The maximum diameter of aggregates is 15 mm. Table 5 summarizes the properties of required materials for samples design. Actually, this table is the Concrete mixture design proportions (kg/m 3 ) used in the present study.
-Super lubricant used in these experiments is Super Plasticizer 400 according to ASTM-C494 type4 standard.
In the production of test specimens, excess water was computed and added to the dry state (S.S.D state) to prevent the free water absorption of the concrete into the empty space of the aggregate.
-A flexural strength test was carried out on concrete beams of 10×10×50 cm at 28 days of age. All stages of testing were performed according to ASTM-C1018 standard. Eq. 1 can be used in order to calculate the flexural strength [30] . In the above equation, P, L, b and d are the applied load at fracture moment, the length of specimen, the section's width and the section's height respectively. -An indirect tensile strength test or tensile strength of halving was performed on cylindrical specimens of 300×150 mm at 28 days of age. To do this, the load needs to be done continuously and without impact. The load speed of 80 kN / min was selected according to the ASTM C496 standard. Eq. 2 illustrates how to determine tensile strength [31] .
Where P is the applied load at fracture moment, L and d are length and Diameter of cylinder respectively.
-Abrasion strength test on cube samples 150×150×150 mm at 28 days of age was performed using Water Sand Blast method based on ASTM-C778 standard.
-The hydraulic conductivity of the concrete was tested using by Penetration Method according to ASTM-C1920-5 (Eq. 3) [32] . The following formula can be used to calculate the porosity of the concrete [33] :
Where w/c is water-cement ratio; α is cement hydration degree; w is gravity water of concrete, kg/m 3 and g is cement specific weight, gr/cm 3 . -Compressive strength tests on cube samples of 150×150×150 mm at the age of 7, 28 and 91 days have been done with a pressure test device with a capacity of 2000 KN (TEKNO test-Italy) at a speed of 2.5 KN/S accordance to ACI-C330 standard. The value of Compressive strength of samples can be evaluated using Eq. 5 as following as:
Where P is the applied load at fracture and A is the cross sectional area of cubic samples.
3-The mixture scheme of fiber concrete containing Nano-silica
In the mixture scheme of samples, the following points have been considered: -Slump test according to the ACI, the 544 Committee is not suitable for fiber concrete and one needs to use the inverted slump test. The inverted slump for samples were achieved in the period of 8-12 seconds.
-The aggregates are broken.
4-Analysis of the flexural strength test results
According to Figure 1 , it is shown that the flexural strength increases with the addition of fibers. As the graphs show, adding fibers up to 0.3% and 3% of Nano-silica have a significant effect on flexural strength. However, the flexural strength decreases in higher fiber ratios. It is anticipated that by increasing the fiber content more than 0.3%, the flexural strength will be reduced. In this part, inappropriate distribution of fibers can also be affected. Non-fibrous samples were fractured during failure, which this problem completely eliminated by the fiber. According to Figure 2 , with decreasing water to cement ratio from 0.50 to 0.3 in non-fiber samples, the flexural strength is improved by 70.17%. In the water to cement ratio of 0.33, by adding 0.1, 0.2 and 0.3% of the fibers to the samples, according to Figure 3 , the flexural strength has improved 31.81, 37.23 and 39.61%, respectively. Figure 4 illustrates that indirect tensile strength increases with the addition of polypropylene fibers. As shown in the diagram, by adding 0.1% fiber, there is a significant effect on tensile strengths. In the fiber ratio higher than 0.3%, the tensile strength decreases. Also according to Figure 5 , one can see that by reducing the water to cement ratio from 0.5 to 0.33 in concrete samples without fiber, the tensile strength improved by 82.4%. By adding 0.1, 0.2 and 0.3% fiber for the water-to-cement ratio of 0.33, tensile strength is improved to 11.96%, 16.13% and 17.68%, respectively, compared to non-fibrous samples ( Figure 6 ). Figures 7 and 8 show the abrasion resistance of reinforced concrete. One can see the changes in the abrasion resistance of the samples by fiber addition. Increasing the fiber content up to 0.2% can increase the abrasion resistance. However, by increasing the fiber content by more than 0.2%, the abrasion resistance of the non-fibrous samples decreases. The reason for this is that the fiber will cause more porosity of the samples. Figure 9 illustrates that by reducing the ratio of water to cement from 0.5 to 0.33, the abrasion resistance of non-fibrous concrete samples is improved by 46%. By adding 0.1, 0.2 and 0.3% of the fiber to the concrete samples for the water-to-cement ratio of 0.33%, the abrasion resistance improves by 14, 25.45, and 9.68%, respectively, compared to the non-fibrous samples ( Figure 10 ). As the water to cement ratio increases from 0.33 to 0.50, the slope of the depth of abrasion curve decreases gradually. This is related to the two-phase nature of concrete in abrasion (phase of mortar and phase of aggregates). As the ratio of water to cement increases, the abrasion strength of the mortar phase decreases, but the abrasion strength of the concrete will tend towards the abrasion strength of the aggregates.
5-Analysis of the tensile strength test results

6-Analysis of the abrasion strength test results
7-Analysis of the hydraulic conductivity coefficient and porosity of concrete results
The analysis of Figures 11 to 13 shows the hydraulic conductivity coefficient, which is changed by adding fibers. Using fibers up to 0.2% reduces the depth of water penetration and the hydraulic conductivity. Nevertheless, these values increase by increasing more than 0.2%. The reason for this behavior of the porosity of most samples is due to the addition of more fiber content. According to Figure  11 , it is obvious that by decreasing the ratio of water to cement from 0.50 to 0.33, the hydraulic conductivity of non-fibrous concrete samples decreases from 43.03×10-15 m/s to 6.3×10-15 m/s. It means that the hydraulic conductivity coefficient of samples have improved by about 85.36%. Figure 13 displays that in the water to cement ratio of 0.33, the hydraulic conductivity coefficient of 0.1, 0.2 and 0.3% of the fibers was improved by 25.08, 41.43 and 17.9% respectively. In addition, by reducing the ratio of water to cement from 0.50 to 0.33, the concrete porosity decreases from 14.4 to 13.5% ( Figure 14 ). Figures 15 to 17 show the results of compressive strength test and the percentage of improved compressive strength of fibrous samples (0.1, 0.2 and 0.3) against with non-fibrous specimens. Investigation of the compressive strength of the fiber reinforced concrete shows that the adhesive strength changes with the addition of the fibers. Using 0.1% fiber with a constant water to cement ratio of 0.33 causes a relative increase in compressive strength of 7, 28 and 90 days age. With increasing fibers as more than 0.1%, compressive strength decreases. The reason for this behavior is that when the amount of fiber in concrete is increased by a certain amount, compressive strength values are reduced due to poor fiber dispersion.
8-Analysis of the compressive strength test results
As it can be seen in Figure 16 , by reducing the ratio of water to cement from 0.50 to 0.33, the compressive strength of non-fibrous concrete samples at the age of 7, 28 and 90 days of concrete is improved by 27.92, 33.04 and 31.88% respectively. Also Figure 17 illustrate that by adding fiber at 0. 
9-Microstructures
Studying the microstructure of cement paste and concrete using scanning electron microscope (SEM) images has revealed a new horizon in concrete technology in recent years. Concrete characteristics including specific gravity and all kinds of chemical reactions and hydration that are created in the initial and final setting process of concrete have a direct and close relationship with the concrete microscopic structure. Therefore, studying the microstructure of concrete in the process of cement hydration and the placement state of concrete besides the various admixtures; materials added to concrete, including various types of fibers and pozzolans using scanning electron microscope (SEM) which are very important. In this investigation, polypropylene fibers and Nano silica were added to concrete and detailed studies were done on their arrangement in the concrete structure. Scanning electron microscope (SEM) was used for (studying) three types of cement pastes including a control mix design, a mix design containing 2% (polypropylene) fibers and 3% Nano silica and a mix design containing 2% (polypropylene) fibers and 4% Nano silica; whose hydration reaction was stopped using acetone at the age of 7 days. The taken images (by scanning electron microscope) are divided into two groups: the fracture surface and the modeled transition zone (region) between the paste and the fibers. The results of tests and microscopic photos and their comparison with the voucher sample (Figure18) show that the addition of Nano silica to concrete (3% by weight of cement) reduces the volume of cavities and creates a smooth surface with less porosity. Also, adding polypropylene fibers (2% by volume) improved the concrete integrity ( Figure 19) . The difference between the density of control sample and fiber containing sample is clearly obvious (evident). According to Figure 20 , using more than the optimum value (0.4% by volume) of polypropylene fibers causes the conglobation phenomenon due to unsuitable distribution of fibers. This phenomenon practically causes the fibers to be ineffective in improving the mechanical properties of concrete. Also according to Figure 21 , when the amount of Nano silica addition is more than the optimum value (4% by weight of cement), the particles of Nano silica stick to each other due to a physical reaction and they become unstable lumps which weakens the concrete structure.
10-Conclusion
In this paper, with an overview of the history and advantages of using Nano-silica concrete with polypropylene fibers, the mechanical properties of concrete samples i.e. compressive, flexural, tensile and abrasion strengths and permeability and porosity were evaluated. The main and most important results are as follows:
-In the ratio of 0.1% fiber and 3% Nano-silica, an optimal compressive strength state occurs and continues until the end of the experiments. The reason for this is the inappropriate diffusion of fibers and the reduction of concrete slump because the super-lubricant is constant during the test, so that it is better to increase the Nano-silica in order to achieve the higher resistances by increasing the fiber.
-In the ratio of 0.2% fiber and 3% Nano-silica, an optimal abrasion strength condition occurs. By increasing the fiber content by more than 0.2%, the abrasion strength is reduced due to the porosity of the samples.
-Fibers of 0.3% produced a significant increase in the tensile strength, which is more obvious by the increase of fiber content. The presence of fibers in concrete, which is a brittle body, improves the samples' ductility and improves tensile strength of concrete.
-In the ratio of 0.2% fiber and 3% Nano-silica, an optimal state occurs at the depth of water penetration and hydraulic conductivity.
-The reason for reducing the permeability in the presence of fibers is due to the placement of fibers between the porous bonding pathways and their blocking, which results in the removal of the capillary property and the permeability decreases.
-In the ratio of 0.3% fiber and 3% Nano-silica, an optimum state of flexural strength occurs. By adding fibers more than 0.3%, flexural strength decreases compared to non-fibrous samples. In the appearance of samples of more than 0.3% fiber, the reduction of flexural strength due to the lack of suitable fibers, the balling phenomenon is evidence.
-It is clear from the SEM images of the fracture surfaces of hardened paste that the presence of Nano silica and polypropylene fibers at optimum levels have improved the density of the cement paste structure, and the paste structure has clearly a higher density and uniformity in the presence of these two materials.
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